Summary. Proteinase activities in human seminal plasma were detected using gelatincontaining sodium dodecyl sulphate-polyacrylamide gel electrophoresis zymography. Three prominent bands of activity of Mr 60 000, 66 000 and 90 000 were oberved as well as 9 other bands of less intensity (34 000\p=n-\158 000). These proteinases were dependent upon calcium for optimal activity, did not hydrolyse casein, and were predominantly in the soluble portion of seminal plasma. Examination of seminal plasma of men with different sperm concentrations, split ejaculates, and prostatic secretions indicated that the prostate gland was a source of most of these activities. Proteinase activities of Mr34 000, 37000, 82 000 and 120 000 were expressed more frequently in seminal plasma from normozoospermic men than from seminal plasma of oligo-or azoospermic men, indicating that they may also arise from spermatozoa in the semen sample. The proteinases of Mr 60 000 and 66 000 were found in all seminal plasmas whereas there was variation in the expression of the other molecular forms of enzyme, even in the normozoospermic samples. There are multiple forms of gelatinolytic proteinase activities in human seminal plasma which appear to arise from multiple sources in the reproductive tract including the Cowper's/urethral glands, the prostate gland, seminal vesicle and/or spermatozoa. Their function(s) in semen remains to be established.
Introduction
The phenomenon of semen coagulation is a well developed process in many animal species (Mann & Lutwak-Mann, 1981) . Human semen coagulates immediately at ejaculation and subsequently liquefies within 5-20 min (Tauber et ai, 1980) . Coagulation of semen has been most extensively studied in rodents in which a copulatory plug is formed. The generation of the matrix of the plug is brought about by the production of cross-linkages via isodipeptide bonds of s-(y-glutamyl) lysine residues in several (perhaps 5-7) basic proteins from the secretion of the seminal vesicles. This process is calcium-dependent and is catalysed by transglutaminases introduced into semen by the coagulating glands (Williams-Ashman et ai, 1980) . The coagulating proteins of human semen are also secreted by the seminal vesicles. However, the resultant clot matrix, unlike that of the rodent, appears to be maintained by non-covalent bonding since it can be dissolved by denaturation (e.g. 2-3 M-guanidine-HCl). Disulphide linkages are present but there is disagreement whether their disruption alone dissolves the clot (Chaistitvanich & Boonsaeng, 1983; Lilja & Laurell, 1985) . Also in distinction to rodent semen coagulation, no transglutaminase activities have been detected in human seminal or prostatic fluids (Lilja & Laurell, 1985 Liquefaction of human semen occurs in a pH range of 6-8-8-8 and is thought to be mediated by hydrolases primarily contributed by the prostate. The liquefaction process is characterized by the rapid decrease in molecular size of the prominent vesicular proteins in semen (Balerna et ai, 1984; Rui et ai, 1984;  Lilja & Laurell, 1985; Boonsaeng, 1986; McGee& Herr, 1987) . Several proteinases have been postulated to mediate the breakdown of the human seminal coagulum. These enzymes include plasminogen activator (Harvey, 1949; Rasmussen & Albrechtsen, 1960; Hisazumi, 1970; Liedholm et ai, 1973) , collagenase-like peptidase , and seminin (Syner et ai, 1975; Tauber et ai, 1980) . Prostatic specific antigen has also been shown to cleave the seminal vesicle secretory proteins of high molecular weight that form the coagulum (Lilja, 1985; McGee & Herr, 1988) . In addition to these proteinase activities, human seminal fluid also contains several proteinase inhibitors which could affect the expression of proteolytic activity. Low molecular weight cysteine proteinase inhibitors (Mr 11 000 and 16 000) and acid-stable inhibitors (Mr 6500 and 11 000) of accessory gland origin have been characterized (Schiessler et ai, 1976; Minakata et ai, 1986) . The large molecular weight proteinase inhibitors al-antitrypsin and ctl-antichymotrypsin are found in seminal fluid but they appear to be derived from serum (Schill, 1976) .
The purpose of this study was to examine proteinase activities of human seminal plasma that could hydrolyse matrix-forming proteins. (Heussen & Dowdle, 1980; Wilson et al, 1988) . The gels were electrophoresed overnight at 15°C and 8 mA constant current. After electrophoresis, the gels were rinsed with distilled water and then washed with gentle shaking at room temperature with 0-25% Triton X-100 (3 changes) for 2 h. The gel slabs were rinsed in distilled water, incubated in 50 mM-Tris-HCl (pH 80) containing 50mM-CaCl2 (2 changes) at 37°C for 18-20 h (Hume et al, 1987) and subsequently stained with amido black. Areas of proteolysis appear as clear zones against a blue background. In preliminary experiments, proteinase patterns in fresh seminal plasma were compared with those of the same sample after freezing; no differences were found (data not shown). Seminal plasma used in these studies was routinely stored frozen before zymography.
Molecular mass determinations were made with reference to protein standards co-electrophoresed in these gels. These standards (Diversified Biotech, Newton Center, MA., USA) were prestained and included phosphorylase B, 95 500; glutamate dehydrogenase, 55 000; ovalbumin, 43 000; lactic dehydrogenase, 36 000; and carbonic anhydrase, 29 000.
Gel filtration chromatography. Seminal plasma soluble fraction (20 ml) was chromatographed on a 1-5 95-5 cm column of Sephacryl S-200 HR (Pharmacia, Piscataway, NJ, USA) which had been equilibrated with 005 M-Tris-HCl (pH 7-5) containing 0-1 M-NaCl. The column was eluted at a rate of 10 ml/h and 1 -95-ml fractions were collected.
Protease assay. The casein hydrolysis method to measure seminin activity as described by Syner & Moghissi (1972) was used with some modification. The final reaction volume was 0-40 ml and contained 01 M-Tris-HCl (pH 7-5) and 2 mg casein. The reaction was started by the addition of 010 ml of column fraction and was incubated for 1 hat 37°C before termination by addition of 0-4 ml cold 10% (w/v) trichloroacetic acid. The tubes were centrifuged at 960 g for 10 min after standing on ice for 20 min. A 0-20-ml sample of the supernatant was used in the colorimetrie determi¬ nation (Lowry et al, 1951 ) of soluble hydrolysis products using the Folin-Ciocalteau phenol reagent (Sigma Chemical Co., St Louis, MO, USA). The absorbance at 750 nm was measured.
Results

Properties of gelatinolytic proteinases
Seminal plasma contains several proteinase activities that are capable of hydrolysing gelatin. The bands of activity observed in a gelatin-polyacrylamide gel were labelled sequentially by numbers from the lowest molecular weight to the highest (Fig. 1 (Fig. 2a) .
The gelatin-degrading activities in this sample were Mr 50 000 or greater (no activities of M, 34 000 and 37 000 were detected) and they were separated from the caseinolytic activity in the column fractions (Fig. 2b) ultracentrifugation did not eliminate proteinase bands in the zymogram (Fig. 3) . Conversely, when the membrane fraction was electrophoresed (an amount of membrane fraction equivalent to the membranous material in the volume of total seminal plasma applied to the gel), proteinase activity was barely detected. Electrophoresis of four times the amount of membranous material demon¬ strated proteinase bands of molecular size similar to that found in the soluble portion of the semi¬ nal plasma. This indicates that secretory granules in the membrane fraction contain these secretory enzymes or that proteinases in the soluble fraction of the plasma adhere to them.
Tissue sources of proteinase activities
The prostate gland appears to be a major source of most of these proteinase activities. Bands 1 and 2 (MT 34 000 and 37 000) were not found in prostatic secretion obtained by prostate massage (Fig. 4) but were present in the first 3 fractions of a split ejaculate (Fig. 5) . However, proteinase activities of other molecular sizes were present in prostatic secretions. It is also apparent that sample of a man with a normal count of spermatozoa (37 106/ml) was collected in 9 frac¬ tions. The seminal plasma of each fraction was prepared as described in 'Materials and Methods' and 7-5 µ of each fraction were electrophoresed in the lanes so numbered.
there was a variation in the number of proteinase bands expressed in prostate secretion amongst individuals.
Proteinase activities were examined in aliquants of split ejaculates as another means to deter¬ mine the possible sources of these proteinase activities. In this sample, a low molecular weight proteinase band was observed towards the bottom of the gel in Fraction 1. Band 2 was present only in the first three fractions of the ejaculate. The prominent Bands 3 and 4 were found in all fractions although they were more intense in Fractions 2-6. Bands 5 and 6 were found in Fraction 2 and subsequent fractions of the split ejaculate, but Band 5 was missing and Band 6 was much less intense in Fraction 1 than in Fraction 2. In distinction to the expression of Bands 5 and 6, Band 7 was as intense in Fraction 1 as Fraction 2. Bands 8 and 9 were detected most intensely in Fractions 1-A.
Distribution of proteinase activities in seminal plasma from men with different semen properties
The proteinase patterns in seminal plasmas of men who were normozoospermic, azoospermic, or who had semen with high viscosity were also examined. The number and relative activities of proteinase bands varied amongst individuals (Fig. 6) The identity of any of the gelatinolytic proteinase bands remains to be established. The majority of proteinase activities of Mr~3 4 000 and 37 000 detected in these studies may represent the sperminogen-spermin proteinase (Mr 30 000-34 000) of spermatozoa (Seigel et ai, 1987; Hume et ai, 1987) , since the occurrence of these activities is greatly reduced in oligo-and azoospermic samples. However, some proteinase activities of the same molecular size may originate from another source since some azoospermic men do express such activities and evaluation of split ejacu¬ lates demonstrate its presence in the very first contractions of ejaculation. The absence of the Mr34000 and 37 000 proteinase activities in prostatic secretion from men with chronic nonbacterial prostatitis could be due to diminished secretory activity (Wilson et ai, 1984) . However, the presence of the proteinase activities of the other molecular sizes in these samples would indicate otherwise, unless the absence of the M, 34 000 and 37 000 proteinase activities was specific for prostatitis.
Seminin (MT 33 000) can hydrolyse gelatin in addition to casein (Tauber & Zaneveld, 1976) . However, in a seminal fluid sample which lacked the Mr34000 and 37 000 proteinase activities, there was no detectable gelatin hydrolysis in zymograms of those column fractions (peak of 35 000) which degraded casein (Fig. 2) . This may indicate that seminin activity is not stable to treatment with SDS.
Some proteinase activities in seminal fluid have molecular masses close to those of well charac¬ terized metalloproteinases of human origin which hydrolyse gelatin. These include gelatinases of / 28 000 and 45 000 from rheumatoid synovial fibroblasts (Okada et ai, 1986) ; 72 000 from gingiva (Nakano & Scott, 1986) ; 120 000-150 000 from skin (Seltzer et ai, 1981) ; 225 000, 130 000 and 90 000 from neutrophils (Peppin & Weiss, 1986) ; and 66 000 Type IV collagenase of bronchial epithelium (Collier et ai, 1988 (Laurell et ai, 1982) . Unlike the proteinases detected in the gelatincontaining gels, this membrane peptidase is active in the presence of EGTA although inhibited by o-phenanthroline (Lilja & Laurell, 1984) . Most of the activities of gelatinolytic proteinases appear to be in the soluble portion of seminal plasma. The bands of proteolytic activity detected in membranous fractions of seminal plasma were of the same molecular size as those found in the soluble fraction. These membrane-associated activities could represent proteinases in secretory granules or other membranous components or enzyme simply adhering to these structures.
Semen coagulum liquefaction has been proposed to take place in three phases or o-phenanthroline and is insensitive to thiol agents or serine protease inhibitors (Lilja & Weiber, 1984) . The second phase is the degra¬ dation of solubilized coagulum proteins to peptides and this phase appears to be mediated by a variety of proteinases since it is inhibited by thiol reagents, o-phenanthroline and serine proteinase inhibitors (Lilja 8c Weiber, 1984) . The last phase is the hydrolysis of peptides to amino acids. The direct participation of these gelatinolytic proteinases in the semen liquefaction process remains to be established.
Seminal plasma has a qualitative effect on a number of sperm properties such as motility and viability (Eliasson et ai, 1978) and can affect fertility (Check et ai, 1989) . A direct effect of seminal plasma proteinases upon sperm function has not been established although in the mouse, urokinase secreted by the vas deferens and seminal vesicle binds to spermatozoa upon ejaculation (Huarte et ai, 1987) . This selective proteinase is thus available for sperm surface interactions that would involve plasminogen in the female tract.
Increased viscosity of semen has been recognized as a reason for subfertility or infertility in men (Amelar, 1962; Bunge, 1970) . Decreased activity of the chymotrypsin-like enzyme (seminin) of human seminal plasma (Lundquist et ai, 1955) is correlated with poor semen liquefaction (Suominen et ai, 1971; Tauber et ai, 1980; Das & Bhattacharyya, 1987) and it has been postulated to be the major proteinase in the initial phase of the liquefaction process. Analysis of seminal plasma samples with high viscosities but normal coagulum liquefaction does not show the absence of any band of gelatinolytic proteinase to be correlated with this condition. However, poor liquefaction is not the only reason for increased viscosity and these zymograms are qualitative in nature; that is, they are incubated to generate maximal detection of bands and are not adapted for strict quantitative comparisons.
Present work in our laboratory is to determine whether the gelatinolytic proteinases are able to hydrolyse the predominant proteins (Mt 52 000, 71 000 and 76 000) of seminal vesicle secretion in semen (Lilja & Laurell, 1984) . Substantiation of this possibility would strongly support the role of these proteinases in semen liquefaction.
